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INTERIM COMPUTER PROGRAM FOR ESTIMATING
AIRCRAFT ENGINE WEIGHT AND DIMENSIONS
ON A COMPONENT BASIS
by

Leo Franciscus

SUMMARY

A rapid, approximate, general-purpose aircraft engine
weight and dimension computer program is described. It
is designed to complement modern cycle performance programs
in that any engine configuration may be specified by input.
A representative flowpath is generated internally using
thermodynamic properties supplied by a cycle program.
Mechanical and technological features of the engine are
defined by further input. Thus directed, the program
estimates engine weights and major dimensions on a component
by component basis for any engine whose componenté can be
represented within the program,

The component weight data base now included in this
report reflects selected high technology supersonic cruise
aircraft research study engines together with NASA in-
house results and some older military supersonic engines in

an averaged or representative sense. The component




correlations included at present are highly simplified
and involve a minimum number of parameters. Nevertheless,
based on a limited number of trials using uncalibrated
input, the program results agree reasonably well with
contractor data. If better agreement or other component
types are required, the program input provides means for
calibrating the weight relations for specific engine types
and technologies. In general, each component is repre-
sented by an individual subroutine using empirical correla-
tions derived from the data base. Refined component
definitions or additional components can, therefore, be
easily incorporated.

This is regarded as an interim code; it is expected
that a more sophisticated version (which will probably
contain proprietary information) will be developed within
one to two years.

INTRODUCTION

Aircraft propulsion system studies are being conducted
by NASA and the industry for a variety of applications;
e.g., supersonic cruise ajrcraft research (SCAR) study
engines, engines for low fuel consumption and military
engines. As shown by the examples in figure 1 these studies
encompass a wide variety of engine concepts ranging from
advanced conventional turbojets and turbofans to a number

of complicated variable cycle engine (VCE) concepts.



The components for these engines are in some cases novel
and in many others involve weight/cycle performance
tradeoffs that may differ significantly from older practice.

In order to evaluate these engine concepts and their
associated component tradeoffs, performance and weight
estimates are equally necessary. The best available
estimates in terms of accuracy and realism are of course
provided by contractual studies, in view of the engine
companies’' expertise and experience. However, this approach
would be costly and time consuming, especially for brief
in-house concept tradeoff studies and broad ranging in-
house parametric studies which normally should precede
major contractual efforts. It has also been found un-
reasonably time consuming to devise a new, separate pro-
gram for each new cycle concept.

At present, thére are few, if any, general purpose
engine weight eodes available. Reference 1 describes a
correlation technique for estimating the entire engine
weight for turbojets or turbofans based on a few gross
parameters such as bypass ratio and overall pressure
ratio. It is limited, however, to conventional engine
types and lacks the sensitivity required for perturbation
or tradeoff studies at the component level. 1In reference 2,
Sagerser, et al provide a weight estimating procedure on

a component basis which was coded at LeRC for a limited



number of cycles only. There is, therefore, a need for a
highly flexible, rapid, general purpose engine weight code
for NASA in-house studies. Although certain simplifications
must be accepted for the sake of speed and flexibility, it
would allow engine configuration and weight to be approxi-
mated when the performance of a new cycle is calculated.
Such capability would be a particularly valuable adjunct
to modern cycle performance programs such as the NAVY/NASA
Engine Program (NNEP, reference 3), which can accept any
engine definition on a component by component basis.

The present report describes a companion program to
NNEP for preliminary estimates of engine weight and dimen-
sions. Like NNEP it will accept an arbitrary engine defini-
tion on a component by component basis, specified by input.
Flowpath data and thermodynamic characteristics of the com-
ponents are first calculated by NNEP or an equivalent per-
formance program. This information together with data to
define the type, number and inter-connection of components,
key mechanical features and technology details is then input
into the program to determine weight and dimension estimates.

The program is written in FORTRAN IV for the UNIVAC
1110 series computer. Included in this report are a pre-
sentation and discussion of the current wéight and dimension
relations, a description of the computer program itself,
input and output characteristics, instructions for use and

several sample applications.



It should be noted that in its present form the pro-
gram contains comparatively simple correlations derived
from a limited and specialized data base. It is not re-
presented as being necessarily suitable for different or
more general applications without calibrating or revising
the correl&fions or using more sophisticated weight models
which reflect a wider data base. A more sophisticated
version is being planned which will supercede the present
program in one to two years. However, this later version
will probably contain proprietary features and will,
therefore, be available to government agencies only. This
interim version is, therefore, being reported both for the
sake of its immediate utility and its possible use as a
building-base by non-government users.

METHOD OF ANALYSIS

Thermodynamic data, flow properties and representative
anmulus ratio are used to calculate flow areas and com-
ponent diameters. Empirical expressions are used to deter-
mine weights and lengths. The empirical expressions for
estimating the weights and lengths for fans, compressors,
combustors, turbines and ducts are similar to those pro-
vided by Sagerser, et al in reference 2. Correlating
data for these expressions was taken from selected SCAR
study engines (references U4 and 5), selected NASA in-house

results and some representative military supersonic engines--



all averaged together with appropriate weighting factors
and adjustments. TFor components and weight items not in-
cluded in reference 2, new but comparably simple correla-
tions were adjusted to the same data base. With com-
ponent weights estimated in this manner, the total engine
weight is obtained by summation. The components and
weight items now included in the program are listed in
Table 1.

Component Diameters

Flow areas are calculated from known or calculated
thermodynamic and flow properties.
rel
- . ‘)p..
A= uf1 + o0 s@-1) nl RT
PM

R §:4
Front hub and tip diameters are calculated by in-

(1)

puting a specified hub to tip diameter ratio or hub
diameter.

a. Hub to tip diameter ratio specified:

D_=
T 47((1-0,%/1)%) ©

b. Hub diameter specified

Dp=bA/x + D

Rear hub and tip diameters are calculated by

(3)

specifying the rear to front hub diameter ratio or the hub

diameter.
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a. Rear/front hub diameter ratio specified:

o 'z[\..h My ./n‘;"

7. o

use equatioﬁ (3

b. Hub diameter specified:
use equation (3)

For dual flow components such as inverting valves
(figure 2) the inner flow tip diameters are calculated
first and then used as the hub diameters in equation (3)
for calculating the component tip diameters.

Component Length and Weight

The length and weight relations for the components
in the program thus far are given in Table II. Correla-
tion curves for fans, compressors, main burners and tur-
bines are shown in figures 3 through 6 with curves from
reference 2 for comparison. Correlating weight relations
for duct burners is shown in figure 7. Though admittedly
based on scanty data, the weight equation given in Table
I1 was derived from the curves in figure 7. 1In the
length relation the L/H term provides for the burner
pilot length and values of 1.5 to 2 are appropriate
for supersonic engines. The second part of the equation
provides for the length required for efficient burning.
values for the effective volume, VBEFF, are on the order

3

of 1.6m> (60 ft.3).



Diverter valve schemes (figure 2) are studied in
many variable cycle engine concepts. The purpose of
the valve is to divert some of the bypass airflow either
around or through the core engine at a variety of flight
conditions for improved off-design engine performance.
Since this is a new component, only a few data points
are available for weight and length estimates.

Due to the cooler gases, the front valves are much
lighter than rear valves as indicated by the weight
factors, K. No significant variation was observed in
the valve length parameters. As seen in Table II,
length to average annulus height ratios are in the range
of 4 to 5.

In many engines, the structural casing between
components is a significant weight item. In some turbo-
fans, for example, the aerodynamic design of the duct
between the fan and compressor separates the fan and
compressor by a significant distance and the duct inner
wall becomes a structural member. The weight equation
for intermediate casings in Table II was derived from
the curve shown in figure 8.

Nozzle weight data from the data base engines
(ejector or plug type nozzles) did not encompass a
sufficient range of sizes or parameters for correlating

purposes. Also in many cases reversers and sSuppressors



were included in the nozzle weight so that it was diffi-
cult to isolate nozzle weight from the overall exhaust
system weight. At the present time, therefore, the duct
weight relation is used for nozzles. This requires
calibrating the duct weight factor for a baseline nozzle
of known weight and dimensions. Results using this
procedure compared reasonably well with contractors’
data for engine sizing calculations. 1In Table II a
typical nozzle weight factor is shown. The length/
diameter ratios of 1.5 to 2.0 are representative of the
nozzles considered.

Weight data for controls, accessories and the
lubrication system showed little variation among the
data-base engines considered. For large engines on
the order of U00OKg/sec (900 lbm/sec) to 500Kg/sec
(1100 1lbm/sec) this item may range from 363Kg(800 lbm)
to U450Kg (1000 1bm).

COMPUTER PROGRAM

The computer program will calculate the weight and
dimensions of engines having any combination of the com-
ponents shown in Table I. The program is arranged to
provide a separate subroutine for each type of component.
This allows the addition of new components into the
program with a minimum of changes. Appendix B describes

the subroutines now in the program. Appendix C gives



the program Fortran listing and figure 9 shows the flow
diagram. Figure 10 illustrates the operation of the
program. The engine components making up the cycle and
the interconnections of the components are selected.

A cycle program provides the thermodynamic properties
of the components. The weight program then computes
the dimensions (hub and tip diameters and lengths) of
the components. These dimensions are then used by the
component weight relations. Each component is identi-
fied in the main program and the calculation is then
directed to the appropriate subroutine, After the
calculations for all of the components have been com-
pleted, the total engine weight is computed by summation.

PROGRAM INPUT

The program input consists of four parts:

1. General

2. Engine layout

3. Component definition

4. Component thermodynamic properties

A description of the input is provided in Table III.
Figure 11 shows a sample input for a rear valve variable
cycle engine from the SCAR studies.

General Input

All of the input is in NAMELIST format except for

10



the title which is in A format. The program will cal-
culate any number of cases with each case beginning
with the title card. The numbers shown in the schematic
in figure 11 are component seqﬁence numbers and show

the sequence of inputing the component descriptions

and the sequence in which the component weights and
dimensions will be calculated. The input item, NCOMP,
in Table IITI must be the same as the last component
sequence number (NCOMP = 11 in this example). The
sizing factor, SIZE, enables scaling the engine airflow
from the input value to other sizes. The program changes
the component airflows specified in the thermodynamic
properties using the scaling factor and computes com-
ponent weights and dimensions for the revised airflows.
For example, if the input airflows are for a U08Kg/sec
(900 1bm/sec) engine and it is desired to compute the
weight of a 272 Kg/sec (600 lbm/sec) engine, SIZE would
be input as 0.67.

Engine Layout Array

The engine layout array identifies and links the
components, Each line of the array represents a com-
ponent (see figure 11). Each line contains a maximum
of thirty possible input items described in Table III.
The first item is the component éequence number mentioned

in the General input description. The second item is

11



the component identification number. Component types
are assigned identification numbers in the program.
These are defined in Table 1IV.

For instance, the first component in the schematic
of figure 11 is the fan and the first line of the engine
layout array, COMPON (1,1), is for the fan. The first
item of this line is the component sequence number, 1,
and the second item is the identification number, 3.
The second component in the schematic is the compressor
and the second line of the array, COMPON (1,2), is for
the compressor. The first item of this line is, 2, the
component sequence number and the second item is W,
identifying the component as a compressor. Items 3
through 9 of each line are the hub diameter specifica-
tions defined in Table III. As mentioned before, tip
diameters are calculated from flow areas by using the
following options:

1. Specifyrthe front hub/tip diameter ratio

2. Specify the rear/front hub diameter ratio

3. Connect the front or rear hubs to the hubs

or tips of other components

The first two options are used for the fan in
figure 11 ; item 3 of the first line of the array is 0
and items 8 and 9 give the front hub/tip diameter ratio

and the rear/front hub diameter ratio as 0.4 and 1.7

12



respectively. An example of the use of the third option
is shown by the rear inverting valve, component 10
(COMPON (1,10), in the layout array). Item 3=3 indica-
ting the front and rear hub diameters are specified by
the dimensions of other components; the front hub
diameter equals the first low pressure turbine (com-
ponent 6, item H4=6) rear hub diameter and item 5=9
which is the rear hub diameter identification number
from Table V. The valve rear hub diameter equals the
second low pressure turbine (component 7, item 6-7)
front hub diameter (item 7=7).

Item 10 (Table III) indicates that the component
length is defined by the lengths of other components.
The number of other components is specified by this
item and the other components are identified by their
sequence numbers in items 20 through 30. Item 10 can
be used when a component length is not known or defined.
At the pfesent time it is used for ducts and intermediate
casings only. Item 1l can be used to specify the com-
ponent length and is also used for ducts and intermediate
casings only at the present time. Lengths for the other
components now included in the program are calculated by

the expressions given in Table II.
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Items 12 through 19 may be used to specify the
thermodynamic properties of one component with respect
to others. An example of the use of this option is
shown by the main burner of the example in figure 11,
Referring to the fourth line in the layout array for
the burner, COMPON (1, 4), item 12=2 indicating that the
burner entrance thermodynamic properties are specified
by the compressor exit conditions. If items 12 through
19 are not used, the thermodynamic properties are input
in the thermodynamic array.

Items 20 through 30 are used in conjunction with
item 10. For example, for the duct, component 11,
(COMPON (1, 11) in the layout array) item 10=1 indicating
that the duct length is specified by the length of one
component which is the second low pressure turbine,
component 7, and item 20=7.

Component Definition Arrays

Each type of component is provided with a definition
array described in Table III and illustrated in figure 11.
Each line of each array is reserved for a component of
that particular type. Except for the duct array each
array is sized for a maximum of five components. The
duct array includes ducts, duct burners and intermediate
casings and is sized for a total of ten of any combination

of these components. The components are input in each

14



definition array in the same order as they appear in the
engine layout array. For example, for an engine with three
turbines as in figure 11, the three turbines, components

5, 6 and 7, in the layout array are defined in the turbine
array as turbines 1, 2 and 3 (TURBD (1, 1), TURBD (1, 2)
and TURBD (1, 3).

Component Thermodynamic Array

The component thermodynamic properties are input in
the component thermodynamic array (Table III) in the same
order as the components appear in the engine layout array
as illustrated in figure 11. TIf it is desired to specify
these properties by those of other components (item 12
through 19 of the engine layout array) zeroces are input
for each thermodynamic property. For example, the enter-
ing thermodynamic properties for components 4, 5, 6 and 7
in figure 11 are specified by those of other components
(see item 12 for these components in the engine layout
array). In the thermodynamic array zeroes are input for
the entering properties for these components. For the
inverting valve, component 10, in figure 11 the entering
conditions for the inner and outer streams are specified
by the first low pressure turbine and the duct burner exit
properties respectively. In the engine layout array,
therefore, for COMPON (1, 10), item 12=6 indicating the
inner stream entrance properties are those of the com-

ponent 6 exit properties., TItem 13=0 as described in

15



Table TITI. TItem 1l4=9 indicating the outer stream entrance
properties are those of the component 9 exit properties.
In the thermodynamic array the entrance properties for

the inner stream (PTIN, TTIN, etc) and outer stream
(PTINO, TTINO, etc) are zero for component 10. It is

seen that the exiting inner and outer stream properties
(PTEX, TTEX, etc and PTEXO, TTEXO, etc.) are input in

the thermodynamics array.

Instead of inputing exit Mach numbers in the ther-
modynamics array for fans and compressors, an alternate
method of defining the exit Mach numbers is provided by
specifying the exit to entrance velocity ratios in the
fan and compressor component definition arrays, FAND
and COMPD. These are input in item 9 in the fan array
and item 6 in the compressor array (Table III). 1In this
case the exit Mach number in the thermodynamic array is
ignored and calculated by the program. This alternate
method is used for the fan and compressor in figure 11.
The velocity ratios, 0.85, for the fan and compressor
are typical values.

Similarly, the turbine exit Mach number, total temp-
erature énd total pressure may be calculated by the program
instead of inputing them by setting item 15 of the turbine
component definition array equal to 1. When this is used
the values in the thermodynamic array for these properties

are ignored by the program. This method is used in the
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sample input in figure 11; item 15 for the three turbines is equal
to 1 in the turbine array, TURBD.

Figure 12 shows the computer output for the sample input
of figure 11, The identification is printed first. The com-
ponents are listed in the same order as they appear in the engine
layout array. The number of each component type is also indenti-
fied (TURBINE 1, TURBINE 2, TURBINE 3 etc.). The diameters,
length and weight of each component are listed and the total
engine weight is shown last. |

SAMPLE CALCULATIONS

To illustrate the use of the program and compare results
with engine company estimates, the weight and dimensions were
calculated for cycles comparable to the Pratt & Whitney 11ZB
rearrvalve variable cycle and the VSCE 502B duct burning turbo-
fan. Also, the'effects of engine size and cycle parameters
such as overall pressure ratio and bypass ratio on engine weight
were calculated and compared with Pratt & Whitney estimates.

Calculations for The Rear Valve Variable Cycle

(P&W 112B) and The Duct Burning Turbofan
(P&W VSCE 502B)

Cycle calculations to simulate the thermodynamic properties
of the 112B and 502B were performed with the cycle computer
programs of references 3 and 6. Figures 13 and 14 show the engines

calculated by the weight program compared to those scaled from
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drawings and dimensions given in reference 5. 1t is
assumed that the drawings provided in reference 5 are
reasonable approximations of the actual engine layouts.
The calculated lengths are somewhat shorter than Pratt
& Whitney's layouts especially for the 112B. This is
due in part to the fact that the Table II correlations
are for "annulus-inverter" type valves whereas the 112B
actually uses a somewhat different type. However, the
flow areas and diameters for both engines compare well
with the drawings from reference 5. A comparison of
the base engine weights in figures 13 and 14 show that
the calculated values are within 5% of the estimates
given in reference 5.

Table VI shows calculated weight breakdowns for the
two engines on a component basis. Comparisons with the
engine company estimates cannot be made due to proprietary
considerations.

Effect of Engine Size on Baée Engine Weight

Many engine studies involve tradeoffs between engine
size, weight and performance to determine the best engine
size. 1In some cases a refefence engine size and weight
are known from contractor data. 1In this event the weight
program can be calibrated to duplicate the reference size
and weight. Weights for other sizes can then be calculated

by specifying the desired size as described in Table IIT.
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If a reference size and weight are not known, a reference
size is chosen. Weight calculation for the P&W 502B
type engine described in the previous section can be
used to illustrate engine sizing calculations with the
program. Weight estimates were calculated for a reference
size of U409 Kg/sec (900 lb/sec). TFor a 272 Kg/sec
(600 1b/sec) engine GIZE = 0.666 in Table III), the
component flows (duct, core, fuel) are ratioed by 0.666
and weights and dimensions are calculated component by
componient. Weight estimates for other 502B engine sizes
were calculated and the results shown in figure 15 com-
pare within 3% of the Pratt & Whitney estimates from
reference 5.

Effects of Overall Pressure Ratio and Bypass

Ratio on Bare Engine Weight

In parametric cycle studies it is necessary to deter-
mine the effects of cycle parameters (bypass ratio,
turbine inlet temperature, overall pressure ratio, etc.)
on engine weight. Figures 16 and 17 show examples of
engine weight studies for overall pressure ratio and
bypass ratio. In figure 16 the overall pressure ratio is
varied by varying the compressor pressure ratio for a
constant fan pressure ratio. The variation of the number
of compressor stages with pressure ratio is shown in the

figure. It is seen that there is little variation in

19



base engine weight with pressure ratio. Although the
compressor weight increases with compressor pressure
ratio, the higher pressure leads to reduced turbine sizg
and weight. It should be noted, however, that these
results are applicable to the range of pressure ratios
considered here. Larger excursions in pressure ratio
may very well require additional turbine stages resulting
in higher weights. Figure 17 shows base engine weight
versus bypass ratio for duct burning turbofans. The
calculated weights are seen to be within the band of
estimates by Pratt & Whitney from reference 5.

CONCLUDING REMARKS

The computer program described in this report can
be applied tora wide variety of engine cycle concepts
provided that appropriate component subroutines are
available. It is intended mainly for such purposes as
preliminary analysis of novel engine concepts, preliminary
cycle selection studies and component tradeoff and sen-
sitivity studies. 1Its application to more detailed design
or evaluation would be questionable.

It should be noted that the program is an interim
version and no attempt has been made to provide a com-
prehensive data base or correlations which are elaborate
enough to encompass a wide variety of applications.

However, the program has been designed so that different
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data bases, other types of components and/or more refined
component definitions may be readily incorporated. It
may, therefore, be considered as a building-base which
can be adapted by the user to suit a variety of needs.

In general, results from the program show reason-
ably good agreement with contractor results for engines
relevant to its present data base. As a general rule,
it is felt that the best use of the present program is
for perturbation or cycle selection studies within a
given concept. TFor good relative results the program
should be initially calibrated to agree in detail with a
well known baseline engine which is representative of
the particular concept and technology level of interest,
The use of the program for comparing fundamentally different
éngine concepts is more prone to error since the accuracy
of the weight trends generated by the program are de-
pendent upon the accuracy of the data base. Hence, a
good data base substantially enhances the reliability of
the program. Therefore, the user should carefully review

his needs and choice of data base when using the program.
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APPENDIX A

SYMBOLS °
A area, m2; ft
AR aspect ratio
C chord length, m; ft
- D diameter, m; ft
g gravitational constant, m/secz; ft/sec2
H height, m; ft
K weight correlation factor
L length, m; ft
M Mach number
N number of stages
P stagnation pressure, N/m2; lb/ft2
R specific gas constant, joules/(kg) (K); ft-1b/(lbm) (°R)
sp axial spacing, m; ft
T stagnation temperature, KX; 0R
U tip speed, m/sec; ft/sec
W weight, kg; 1b
W gas weight flow rate, kg/sec; lbm/sec
0] solidity
4 specific heat ratio
Subscripts:
a air
b burner
c compressor
H hub or inner
M mean

R rotor 22



REF reference

S stator

T tip or outer
X axial

1 front

2 rear

Superscripts:

- average

23



FAN

COMP

COMB

TURB

VALV

DUCT

TRANS

POLY

VISC

APPENDIX B

PROGRAM SUBROUTINES o

compute diameters, length and weight for con-
ventional or split fans

computes diameters, length and weight for com-
pressors

computes diameters, length and weight for main
burners

computes diameters, length and weight for tur-
bines. Uses symmetrical velocity vector diagrams
to compute turbine efficiency. Matches turbine
speed and work with the driven component. Cal-
culates thermodynamic and flow conditions

(P, T, M, etc) at rotor entrance and exit.

computes diameters, length and weight for valves
or ducts with dual streams

computes diameters and weight for ducts, duct
burners and intermediate casing

obtains thermodynamic and flow properties for a
component from the propteries of other specified
components. For example, the entrance and exit
conditions of a duct connecting the fan to a

duct burner can be obtained with this subroutine
by specifying that the upstream and downstream
components of the duct are the fan and ductburner.

calculates enthalpy (real gas) as a function of
temperature and fuel-air ratio

calculates viscosity of a gas as a function of
temperature

2t



APPENDIX C
PROGRAM LISTING
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"

HEOR LIS  MAIN, ENGWT MAIM

10

20

30

NIMENSTON PTIN(25)y PTEX(25), TTIN(25), WAIN(25), WAEX(25), AMIN(D
15), AMINO{25), AMEX(25), GAMIN(25), GAMFX(25), GAMINN(25), GAMEXN(
225), CPIN(25), CPINO(25), PTINC(25), PTEXN(25), TTINO(25), TTFXO(?
35), WATNO(25), WAEXN(25), RIN(25), REX{25), RINN(25), RFXD(25), €P
4EX(25), CPEXO(25), CNMPNN(30,30), FANN(15,5), CNNPN(10,5), NUCTM(]
55+20) s TURBN(20,5), BURNP(10,5), ANS(25,25), TTEX(25), AMEXN(25),
6DCOMPNI 25), VALVD(5,5), A(13)

NAMFLIST / IN/PTIN,PTEX,TTIN,TTEX,WAIN WAFX,AMIN ,AMIND,AMFX,AMEXD,
1CAMTN, GAMEX ,GAMIND, GAMEXT, CPIN, CPINN, PTINN,PTEXN,TTINA, TTEXR, WATNN
21 WAEXD, PINGREX,RINN,REXN,CPEX,CPEXO ,FAND, COMPN ,RUCTN, TURAD, RYRND,
30MPNN, NCOMP, VALVD, STZE, ACC, IS '

CAMMON /THER/ PTIN,PTEX ,TTIN, TTEX ,WAIN ,WAEX, AMIN,AMTNA, AMEX, AMEXD,
L1GAMIN, GAME X, GAMIND , GAME X0 ,CPIN,CPINN,PTINN, PTEX N, TTINA,TTEXD, WATNN
2 yWAEXOy RINGREXy PINN,REXD ,CPEX, CPEXN,PTL,0T2, TT1, TT2, WAL, WA2 ,AM],A™
32,CP14CP24R1,P2 ,GAMI ,GAM? ,PT1N,PT20,TTIO,TT20,WALR,WADPN, AMLD, AMDN,
4CPINy CP20, P10,R 2N, GAMLIN ,GAM20,DCOMPN, INUM, TS, JS,KS

NAMELIST / OQUTL/PTL.PT2,TT1,TT2,WAL,WA2, AM], AN 2

NAMELIST / QUT2/PTI0,PT20,TT10,TT20,WALN, WA2D, AMIN,AMD "

READ (5’340'END=33S, A
WRITE {(6,350) A

READ (5, IM)

I AMB=0

1=0

1F=0

I1C=0

IR=0

1PUCT=0

TAUXIN=0

IVALV=0

ITURB=0

I DUCRN=0

I=1+1

IF (1.GT.NCNMP) GN TO 5
I NUM=COMPOM(L1,])
ITYPE=CNMPAN( 2,1)
TVAR=0

THUR=COMPNM(3,1)
ILNGTH=COMPPM{ 10, 1)
LUP=COMPON {4, 1)
THURI=COMPON({5,T)
IDM=COMPON(&, 1)
THUB2=COMPON(T, 1)

IF (IHUR.EQ.0) GO TN 20
IF (THUR.LT.3) GN TO 20
DH1 =ANS{ TUP, IHUBRL)
DH2=ANS{ IDN,IHUB?2)

GC 1O 30

IF (IHUR.EQ.1) DH1=ANS(TUP, THURBL)
IF (THUR,FQ,.2) DH2=ANS{IDN,THUR?)
IF (ILNGTH.FQ.0) GO TO SO
AL=0.0

JX=194+1LNGTH
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- 40
50

60

7C

80

9¢C

DO 40 J=20,JX
JA=CNMPON(J, 1)
AL=ANS (JA, 1C ) +AL

TF (COMPAN(12,1).FN.0.0)
AS=COMPON(12,1)
RS=COMPNONI(13,1)
JS=IFIX(AS)
KS=IFIX(RS)

18=1

CALL TRANS

IF (COMPON(14,1).FN.0.0)
AS=COMPON(14,1)

R S=C OMPON({15,1)
JS=IFIX{AS)
KS=IFIX{BS)

1S=2

CALL TRANS

IF (COMPON(16,T).FQ.0.0)
AS=COMPNN({ 16,1)
RS=COMPOM(17, 1)
JS=TFIX(AS)
KS=TFIX(PS)

15=3

CALL TRANS

IF (COMPPN(18,1).EN.0.0)
AS=CNMPON{18,1)
RS=COMPON(19,T)
JS=TFIX[AS)
KS=TFIX(RS)

[S=4

CALL TRANS
PTL=PTIN(INUM)
PY2=PTFX({ INUM)
TTI=TTIM(INUM)
TT2=TTEX{TNUM)
WA1=WAIN{INUM)&STZE
WA2=WAEX { INUM)%S [ ZF
AML=AM] N(TNUM)
AMI0=AMINO( INUM)
AMP=AMEX ( INUM)
AM20=AMF XO(INUM)
PTIN=PTINO(INUM)
PT20=PTEXN{IMIM)
TTIO=TTINO(INUM)
TT20=TTEXD( INUM)
WALO=WAINO( INUM ) %S [ZF
WA20=WAEXO( TNUM) % ST ZE
R1=RIN( INUM)

R2=0FX({ INUM)

R IN=R IND{IMIIM)
R20=PEXN( INUM)

GAM] =GAMIN({ I NUM)
GAM2=GAMEXIINUM)
GAMIN=GAMINN{INUM)

O
2

Gn

6N

6N

TO 60

T 70

T0 80

TN 90
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100

110

120

GAMZ2D=GAMEXN{INUM)

CPL=CPIN(INUM)

CPIN=CPINN(TNYM)

CP2=CPEX({IMNUM)

CP20=CPEXC(INUM)

GO TN (100,130,110,120,140,150,160,170,180),1TYPF

AMRIENT

COMTINUF

GO TOHh 190

CNMPONENMT  F AM

[F=1F+1

MS=FAND{2,1F)

ARR=FAMD(3, IF)

ARS=FANDI{4, IF)

SR=FAND(5,1Ff)

SS=FAND(6, IF)

SIG=FAND(7,1IF)

UT=FAND(8,1F)

DHODT=COMPON( 8, 1)

DHODH=COMPCN (9, 1)

VR=FAND({ 9, ]F}

VRO=FANDI1C, IF)

IVAR=FAND({11, IF)

AKW=FAND(12,1F)

AX=FAND( 13, IF)

CALL FAM (PT1,PT2,TTL1,TT2,WAL WA2,AML,AM]IN,PTIN,PTI2N,TTIN,TT20,AX,
LWALIN,WA2N,R1,R1N,GAM) ,GAMIN,CP1,CP1r,DHNNH, DHODT ,VR, VRO, IVAR, NS, AP
ZR'AQS!SR'SS'SIG'UT' [HUB 9DTl'DHl.nTZ,DHZ'AM?,ﬁTlﬁ,DHU‘ ,hT?p,nHZr\,AM
320,AL yWT,AKH, IST)

AMEX{ INUM)=AM?

AMEXO({ INUM)=AM2N

ALD=0,0

GO T 190

COMPONENT COMPRESSNR

IC=1C+1

ANC=COMPD(2,1C)

ARK=COMPD{3, IC)

ARS=COMPN(4,IC)

UrT=CcnNMPD(5,1C)

NHONT =C OMOON ({8, T)

DHCODH=CNMPOM(9,T)

VR=COMPD( 6K, IC )

PR=COMPN(T7, IC}

AKW=COMPD(8,1C)

AX=COMPD(9,1C)

CALL COMP (PT1+PT2,TTL1,TT2,WAL1,WA2,AM],P],RAM],CP1,ARR ,ARS,UT,NHON
lT,PHﬂDH,VR,PR,AKW,AN:'IHUQ'AX.DTI.DHI,DTZ,DH?,AMZ'AL9WTvIS(’

ALD=0.0

DT1IN=DT1

NT2N=NT?2

PHIN=DH1

NH2 N=NHP

AMEX({ INUM) =AM

GO TN 190
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o AUX INLFT
130 CONT INUE
GN TN 190
C VALVE COMPNNENT
140 IVALV=IVALV+1

DHEDT6=C OMPNN(R ,T)

DHTDH6=C PMPON(S,T1 )

AKW=VALVN(2, IVALY)

AX=VALVD{3,TVALV)

CALL VALV (PT14PT2,TT1,TT2, WAL WA24AML ,AMLO,PTLIN,PT20,TTIN,TT2N, WA
11Ny,WA2N,R1,P1N, GAM]1, GAMIN,CP1,CPIN, AKW, THUP yDHONTE,DHTDHL,AX,DT1 4N
2H1,DT2,PH2,AM2 ,NTIN0,0HLO,DT20,0H2C, AM2N, AL, WT, IS 1)

GN TN 190

o COMRUSTNR
150 I1B=18+1

DH3NT3=COMPNPN(8, 1)

DH2DH1 =CNMPNN(9, 1)

ALRNH=RURND( 2,1R)

VR=RRND{3, IR)

VREF=RURND (4 ,18)

AKW=RURNN{S,18)

AX=BURND(6, IR)

CALL COMR {PT1,PT2,TT1,TT2,WAl,WA2,VREF,VR,AM1,GAM1,GAM2,R1,R 2, I HIJ
1ByDH2DH 1 ALROH y AKW,DH3DT3,AX 4 DT1 4 DT24,DHL 4DH2 JAM2 JAL 4WT 4 IST)

ALP=0,0
DT10=DT1

NT2N=DT?2

NH1 N=DH1
DH2N=DH?

AMEX ( INUM )= AM?2
GO YO 190

c TURR INE
160  ITUPB=ITURR+]
"~ EN=TURBRD(2,ITURB)

DHDTT=COMPON{8,T)

DHSDH4=C OMPON (9, 1)

NPMTD1=TURBD (3, ITURR)

IPRVN=TURARD{ 4, ] TUPR)

DH54=TURBN(S, ITURR)

UST=TURBD(6, 1 TURB)

IHIOLN=TURRD({ 7, TTURN)

F4=TURBN(8, ITURR)

AKV=TURBN{9,ITURR)

ALPHD=TURAN({10, ITURP)

AKC=TURBD(11,ITURR)

DFACT=TUPRD(12,] TURR)

AKW=TURARN( 13, [TURR)

AX=TURBD(14,ITURB)

VR=TURRD( 15,1 TURR)

Nl=DH1
DYLF=ANS(INRVYN,2)

NT2F=ANS(IDRVN, 4)

DIO=ANS { fUP,2)

CALL TURR (AM1,PT1,TT1,F4,GAM] 4CP14yR1,AM2,PT2,TT2,NHS4, WAL, AL PHNP, )
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P T

c
17C

180
190

200
210

220

LST PNy AKC oy AKV DFACT, THIOLN,NMTN]L, D1N, D1, TIF,NT2F, [HUR ,DHDTT , PHENH

24 yAKWLAX 4DT14NT2,NHL,NH2 , AL ,WT,VR,IST)
DT1IN=DT1 -
DT2N=DT?2
DH10=DH1
DH2N=NH?
AMIN{TINUMY=AM]

AME X{TNUM) = AM?

GN TD 190

puCTY

INUC T=T1DUCT+1
INTR=DUCTN(2, INDUCT)
WOAD=DUCTD(3, TDUCT)
TACNUS=NUCTN(4, IDULT)
WOAAW=DUCTD({5, IDUCT)
WOAASP=DUCTN{6, IDUCT)
ALSPL=DUCTD(T7,IDUCT)
NSPL=DUCTD(R, INUCT)
AX=DUCTN(9, INDUCT)
NW=DUCTD(10,INUCT)
VREFF=DUCTN(11, TOUCT)
ALOH=DUCTD(12,1INDUCT)
DHINT 1=CNPMPNN( 8,1 )
DH2 PHL=COMPON(9, 1)

IF (ILNGTH.FQ.0) AL=CNMPNN(11,1)

CALL DUCT (PT14PT2,TT1,TT2,WAL,WA2,AM]1,AM2,GAM],GAM2,R] ,R2, [HUR, DH
12PHL yWNAD, TACNUS, WNAAW, WOAASP yALS PL,NSPL, INTR, DHIDT1,NW,AX,VREEF A

2LNH4DTL¢NT24,NHL yDH?2 JALGWT,IST)
DTIN=DT1
nY2N=072
DHIN=NH1
DHZN=DH2

ALD=0,40

IF (INTR,EQ.2) TTYPE=9
GO 7D 190

NUCT BUPNFER
CONTINUF
ANS(TINUM, 2)=DTLD
ANSTTNUM,3)=NT]
ANSCINUM, 4)=DT20
ANS (INUM,5)=NT2
ANSTINUM,6)=DHLND
ANS (TNUM, 7)=DH1
ANS{INUM,R)=NH2 N
ANS(TNUM,9)=DH2
ANS (INUM, 10 )=AL
ANS{INUM,11)=WT
ANSTINUM,12)=ALD

G 7 (200,210,220, 240, 250,260,270,280,290),1TYPE

WRITF (6,360)

GNn TN 300

WRITE {6,370)

GN TO 30C

IF (TVAR.EQ.1) GO TN 230
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220
240
250
260
270
280

290
300

335

340
350
360
370
380
3499
400
410
42¢
430
440
450
460

47C
48C

490

WRITE (A,3RC) I[F

GN TN 300

WRITF (6,390) IF

GO TN 300

WRITE (6,400) IC

GO TO 300

WRITE (6,410)

GN TO 300

WRITE (6,420) IR

GO TN 300

WRITFE (€,430) ITURR

GD TN 300

WRITE (6,440) 10DUCT

GN TN 300

WRITE (6,450)

WRITE (644¢0) PT1,TT1,WAY,AM]
WPITE (6,470) PT2,TT2,WA2,AM2

IF {ITYPE.NF.5) GNP TO 31¢

WRITE (6,480) PTLIN,TTIC,WALD,AMIDC
WRITE (6,490) PT20,TT200,WA2N,AM2N
WRITE (6,500) DH1,0TY1 ,DH2,NT2,AL
IF (ITYPENF,8) GN TN 320

WRITE (6,510) DHIO,NTLIN,NH2N,NT20D
WRITE (6,520) WT

IF (TLT.NCOAMPY GO T2 10

WT0T=0.0

DO 330 TwW=1,NCOMP
WINT=WYNT+ANS{IW,11)

CONTROLS, ACCFSSORIFS, BEARINCS, LUBF,ENGINE
WACC=ACT

WHTOT=WTNT+WACC

WRITE (6,530) WTOT

IF {I.GT.0) GO T 10

sSTnp

FORMAT (13A6)

FORMAT (1HK,1346)

FORMAT (1HK,50X,12HENGIME FACF)
FOFMAT (1HK,50X,10HAUX [INLET)
FORMAT (1HJ,29X,3HFAN,2X,12)

FORMAT (1HJ 290X ,10HSPLIT  FAN, 2%, T12)
FORMATY (1HJ,29X,10HCNMPRESSNR,2¥,12)
FPRMAT (1HJ,29X, 5HVALVF)

FORMAT {1HJ,29X,9HCOMBUSTNR,2X,12)
FORMAT (1HJ,29X, THTURARINE,2X,1?)
FARMAT (1HJ 429X, 4HDUCT, 2X, 12)

FOARMAT {1HJ,29X,12HNUCT BIRMER)

STZES

FORMAT (1HK, 33X, SHPTL =F5,2,4X,5HTT]1 =F7.2,4X,5HWA]

1F4,2)

800 TN 1100

=F7.2 04X 44 HMY

FORMAT (1HK,3X,5HPT? =F5.2.4X,‘HTf2 TFTe294Xs5HWA? =FT ,2,4X,4HM?2

1F4.2)

FOPMAT (1HK.3X,RHPTIO=CF.2.4X.9”TT1“=F7.2.4X,5HNA1”=F7.2,4X.4HV1”=

1F4.2)

FORMAT (1HK, 3Xy SHPT 20=F 5.2, 4Xy SHTT20=F 74 2 44Xy SHWA2 N=F 7,2 44X J4HMD N=
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520
530

1F 4, ?)

FORMAT (1HK 43X, SHDH]1 =FS,2,4X,SHDT] =F7.2,4X,5HNH? =FT.2 44X ,5HNT?
1=F&4,2 44X, THLENGTH=F5,2)

FOPMAT (1HK 43X, SHDHIN=F5,2 44X 4SHDTIF=FT 42 44X 4SHCF20=FT .2,4X , 5HPT 2N
1=F4,2)

FORMAT (1HK 33X, 19HCOMPNNENT  WEIGHT =FT7.2)

FORMAT ( 1HK,3X,21HBARE FENGINE WEIGHT=FR,2)

END

"FEOR, IS FANN,ENGWT ,FANN

10

20

30

SUPPUUT[NF FAN (P1,P2,TL1,T2,Wl,W2,AMA],AMALOI,PIN,P2N, TIN, T2, AX, W1
1CyW20 4R4RO,CAM, GAMN,C P, CPN,DHCH,NHOT VR,V RN, IV, NS, ARR, ARS, SR, S<, 9[
2G,UT, THUR, DT1,NH1,DT2,NH2,AMA2,PTIN,DHIO,DT20, DH20,AM2N, AL F, WF AN,
AKW,IST)

G=32.2

PFACT=2116.0

If (IST.F0.C) G0 TN 10
G=1.0

PFACT=1.0

1T=0

W=Ww1

GA=GAM

ANMA=AMAL
AMBE=AMAD
TA=T1
RF=R
PA=P
VPV=VR

PR=P2
TR=T?2
DHH=NHNH

DHT=0.5

TF (THUB.EQ.0.OR,THUB.FQ.2) DHT=1.,0/DHNT
FIA=1,04¢(GA-1.0)%AMA%%2/2,0
F2A=F1 A%* {{GA+1 .0)/ (2, 0%(GA-1.C)))
F3A=SQRT(RF=TA/(G%GA))

AA=W*F2A*F3A/(PFACTXPA%AMA)

TF {(VOV.FEQ.0.0) GN TN 30
VA=AMAXSQRT(G*GA*RF*TA/F 1A}

VR=VA%xYOY
AMRSO=VR*%2/ (GXCAXRFETR—(GA=1,0)/2,0%VR%%2)
AMP=SQRT(AMRSQ)

AMRS Q= AMB*%?

FIR=1,0+(GA-1.0)%AMBSQ/?2.0

F2°=F1B*x((GA+1.0) /(2.0%((A-1.C)))

F3R=SQRT (RF*TR/ {G*GA})

AB=WXF2B%F2R /(PFACTAPB*AMB)

NHA=SORT (AA/( .785%(DHY*NHT-1.0)))

[F (THUB.FQ.1 sOR.IHUB.FQ.3.ANDIT . FQ.C) NHA=DHI
DTA=SQRT(DHA%XD4A+AA/, T85)

PHE=DHA%NDHH
TF (THUB.FQ.2.0R.THUBLEQL3 . ANMDLIT (FQ.0) DHB=DH2
DTR=SQRT(ABR/.T785+NHR*%2)
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T

40

SO

IF (TT.EQLL) GO TPM 4D
NT1=NTA
NH1 =DHA
nNTZ2=NTR
NHZ2="HA
AMAD = AMR
DTLIN=DT1
DH1N=NH1
NT2N=NT?
NH2M=NH?2
AMP2N=AMA D
rPAauTI=nNT1
NINMI=DH1
NOUT 2=NT2
DIN2=NH2
TE {TVLEN, Q) GO TN 40
IF (IT,FN,1) G T 5¢C
W=Wl N
CA=GAMN
AMAZ AVALN
AMP=AM2 D
TA=T1N
RE=DN
PA=DP]1
VCOV=VRN
TR=T20
PR=P2 N
DHT=NTA/HA
DHH=DTR/NTA
IT=1
cCe T 20
DT10=NTA
NT2N=DTAR
DH1N=NHA
NH2N=DHR
DAUTI=NTLO
NEONT2=0720
F AN LEMGTH
NELNT=DOUT2-PNUTI
NEIDH=NIN2-NIN]
Al=1,0
ANS=NS§
ALF=0.0
AKS=1,.0
DT=NCUTI
DH=NTN1
D70 1=1,MS
NTNEXT= ﬁ”UT1+DFLﬂT*AI/Ah<
DHNEXT=DIN]I+DFLNHXAT /AMS
NTAV=(DT +DTNFXT )/ 2.0
CHAV=([NH+DHNEXTY /2.0
DTAVE=(NT+DTAV]) /2.0
NHAVR = {DH+PHAV)Y /2 .0
CXRP=o 5% [DTAVRE=-NHAVR) /ARP
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NTAVS=(DTNEXT+NTAY)/2.,0
NHAVS={DHMFXT+NHAV) /2,0
CXS=5%x{PTAVS-NHAVYS)/ARS
ALF=CXR% (] ,0+AXS*SR)+CXS+ALF

AKS=0.0

AI=AI*I-O

DY=DTNEXT
710 DH=NHNF XT

C F &N WEITGHT
- STGR=(SIG/1.25)*%(,2
R=(UT/115C.C)**C.3
NPRW= (0 5% (NOUT 1+NNUT 2} ) x%xAX
WEAN=AKWRAMSESTGRYYRADPOW/ { ARRA%0 ,6)

REYUPN
Enp
"FOR, IS COMP I, FNGWT AAMD ]

SURRQOUTIMFE COMP (Pl ,P2,T1, T2, WL, W2, AMA, R, A CP,APRLAPS,UT,NDHNDT,NH
1IODH VR G PR ZAK W ANC M THUP gAX o DT 4 DHT ¢ NT2,NH2  AM2 L ALC,WCOMP, IS T)
G=32.2
PFACT=2116.0
[F (IST.FQ.0) 50 T2 19
G=1.0 '
PFACT=1.0

10 GAG=GC%*NA
GAT=GA+1 .0
GAU=GA-1.0
FIA=1.0+GAURAMASXD 0/2,0
F2A=F1Axx{GAT/{2.0%0CA1))
FAA=CSQPT(RXTL /HAG)
Al=W1*FE2ARF IA/(PFAC TP [ %AMA)
IF {VR.FQ.C.O0) GO TN 20
VI=AMAXSQRT(GAGTR:T] /F1 A}
V2=V 1%VP

© AMSN=VY2EE2 J(GAGERART I - S RGAU RY 2% %D )

AM2=SQRT(AMSNH)

2¢C AMS Q= AMD %%
FlR=1 ,0+GAU%RAMSO/2,.)
FR2R=F10*x{GAT/(2.C*CAUY)
F3a=SQRT (R%T2/CAG)
A2=A1%XPI=AMAXFEIRFI A/ (POXAMI=F2 AXF2 A)
IF (THUR.EQL1.IPLTHUREN,3) GN TH 20
DHT =1 ,C/DHNNT
NH1=SQRT{AL1/(.T785%(NHT*x%2-1,0)))

3C DT1=SORT(NDH] %x*x2+A1/,TRS)
IF (THUBR.EN2 .NR.IHUR.EQ.3) GN TN 40
DH2=DH1*DHANH

40 DT2=SORT(A2/.785+NH2%%x2)

C COMPRESSNR {EMGTH
DMI={(NT1+PH1) /2.0
NM2=(NT2+DH?2Y /2,0
PRPS=1.0+(UT/1530.0-.000654%PRx*] ,R=_324) *( ,B8%CMD2/NML+,.2)
ANC= AL NG{DR) /ALNG(OPRP S)
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IF (ANCM.GTL0.0) ANC=AMCM
ALCDM= J24ANCH(,234-,218+NHANT)
ALCR=,2+.0R] *xANC
ALC=ALCDOMANDM]
C CCMPRESSNR  WF IGHT
NMAY=(NM] +DM2 )/ 2,0
WCOMP=AKWENMAVERA XX ANCRx] 2% (UT/11000)%% ,3%(] ,0O+ATCDM/ALCR)

RETURM
ENA
"EMR, IS COMRR, EMGWT LCAMRRA

SURPAUTINE COMR (Pl ,P2,T1,T2,WlyW2,VRFF,VR,AM]1,GAL1,GA2,R1,P 2, T,
IDH2DHL,ALROHAKW,DH3INTY L AX,NT1,NT2,0HL,DH2 . AMD? JAL,WR, 1S T)
G=2?2,2 :
PFACT=2114K.0
IF LIST.EQ.0) 5P TN 10
G=1 .0
PFACT=1,0
10 1CNM=0
GA=CAL
V=AML X2SORT (CAL*C*R1I%AT 1/ (1040 .5%{0A1-1,.Q0) *AM]%%2))
P=pP1
T=T1
W=Wl '
P=R1
20 GAGC=G*GA
CAT=GA+1 .
RAU=GA-1.0
AMSQ=V*%2/ (CAGRR XT— (S AM AL XY X% D)
AM=SQRT(AMCD)
Fl=1.04¢GAU¥AME%x2 /2 (O
F2=Fl*x{GAT/ (2.0%GAU))
FA=SORT(RXT/CAG)
A=WkF2%F3/(PFAC TRPXkAM)
IF (ICOMEN,1) GN T 30
1CCM=1
Al=A
GA=GA?
V=V=VR
p=p?2
T=72
W=W2
p=072
GN TN 290
30 A2=A
AM2=-AM
C NIAMETERS
TP (THURLEN,1 NP IHUR,FN,2) GO TN 4
NHT=1,C0/DHINT3
PHI=SOPTIAL/(.7REX(NHT*x2-1,0)))
4Q DT1=SQRT AL/, 7RE4+NH] *%D)
TF (THURLEQ,?2,M2, JHIIR FQ,3) GO TN &
DHZ2 =DHL *NHZNH]



50 DT2=SORT(A2/. TAS4+NHD % %2

C LEMGTH
NMI={DT1+NH1}/2.,C
DM2={NT2+NH2) /2.0
PMAY=(DM1+NM2)/ 2.0

| AL=ALBOH*WI*T1%PL /(3,14 %VRFFAPLANMAVE2]115.0)
b C WETGHT
b WR=AKWXDMAY k& AX & (ALANH/ 3,2 ) %% 5
— RETURN
FND
= . WEQR, IS TURRT yFMGWT. THRRT

SUPRNUT INE TURRAR (VX4 P4PSO, T4 F4,CAMMAL, P 4,24, VMX5E PRP SO, T5,NH5%
1 9 WO 4 ALPHD JUST FNy AKCy AKYV 4, DEACT,, THINLN, OMTNL, DLN, DL, NT 1F,NT2F, THIIR,
2DHDTT yDHENHG JAK W AX yD 4T 4 DST 4 DAHNSH AL, WTURR VR, IST)

- MAMELIST / DUT3/ALPHND,ZUST, DHS4, FNLAKC yDMTNL D100 WC T4, AV, CMFGA
- 1o AKV1,SDV,F4,DFACT,P4PSO,NUSNHG , THICLN, DT 1F, DT 2F

E NAMELIST /7 rUT4/U,UCAL
NMAMELIST / NUTS/ETAT I, P4,T4,TS4,VML,VMY 4, V4, VX, AF4
MAMELTIST / OUT6/PSPSO ¢T5,T55,VMS ,VMX5,V5, A
AKV=0.0 MO EXIT  VAME
AKV=0 =1.9 IMPULSF FXIT STRAIGHTING VANE
AKV=2,0 DIFFUSING FXIT STRAIGHTING VAMNE

FIRST=1 FCe® HIGH TURRB, D FMrR LNW TURR

eEnEuEe e e Ne ]

UST=AVFRAGE TIP SPEED 02F  DRIVFEN  COMPONENT
IF (IST.FQ.CY GN TN 12
P4PS0O=P4PSC/101325.0
T4=]1.8%T4
CPr=CP4/4182.8
R4=,186%R4
P5PS0=P5P50/101325,0
TR=1,R%T5
NH54=NH54/2324, 0
WC=WC/.454

F=.3044%

UST=UST/F

nin=n1n/F

D1=N1/F

PTIF=DNT1F/F
NY?F=NT2F/F

DaH=N4H /F

NS5H=NDSH/F

10 PIE=3,14

27=.0108

RA=53 .35

PSIP=1.73

AJ=778.0

6=32.2

TuU=1

FIRST=1.C

I[F (THIOLOL,FN,D) FIPST=0,0

EYN



RPM=120,0%IIST/{PIFX(DTIF+1T2F})
U=ST

ALPHA=ALPHR/RT,20RT72

IF (VR.AT.0.0) GN T 20
PSP4=P5PS0/P4PSO

VM4 =Y MY 4

VMSE=yMXS-

GN 10 a0

AMBAR =X UJ/0/AJ/NHAG
AMRD A= AMPAR x|

CALCULATF VELACITY DIAGRAV
AMEP=(AMBNDA+1,) /2,
AMBM= ( AMBNDA-1,)/2.

NVU=U/AMRNDA
VX=DVUXAMRP/TAN(ALPHAY)
VUl=NDVUxAMRDP

VU2 =DVU*AMRM

Vo= SORT(VYEVYX+VULI*VUL)

V5=SORT (VXXVX+VU2%VII2)
RETAL=ATANMZ(-VY? ,VX)%ET,29578
VXU=VX /)

FIMD FIRST STAGFE FFFICIFMCY
FRN=2,

ITF (AMARDA.(GT.1.) AMARDA=1,)
CAYC=AKC

DMT=DMTN1%]
RFE=WC/DMT/VISC{T4) %2,

FXPP=0.1 :
CA=CAYC:(1,5F+6) XX (CXPN=2 ) /PEXXFXPIrET AM{ ALPHA)
FST=1.0

ASSUME vyXO=VvX1 AND VUI=90

AMRpP={ AMBRNA+1,)} /2.
AMPPSN=AMAPX*AMADP

AMPM= [AMBNA-1,)/2.
AMOMSOQ=AMRME AMOM

COTSP=2 ,/JTAMTALPHA)Y/TAM{ALPHA )Y+,
CX=AMRPSN&CNTSO
N=AMRPSNECNTSP+AMBMSQ

AA=CAX{ FSTACX+FRN XN

FYAA=AMRNDA/ (AMADA+AA/2.)
B=CAXAKV%( 2 -AMRDA) xYS& YS/DVU/MVU
IF (AKY ,GT.1.,9) R=0,

IF (fN.GTL1e) A0 TP 30
FTABAR=AMBNA/(AMADA+, 5% (AA+R))

GO TN 40

CALCULATE TMTERMENDTATE AMN LASTY STACGE FFFICIENCIES
FST=2.-AMBNA

CX=AMRPS NACATSD L+ AMAMS N

A=CAX (FSTRCX+FRN%N})
FTATI=AMBDA/(A“EDA+A/ 2, )}
FTYAL=AMARNA/ {AMRDA+ ,S5%{A+R})
NA=1.+F[RST
ETARARP=F"/{(FIRST/ETAA«(FNMN=NA)/FTATTI+1,/FTAL)
FTAY[=FTABAP
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HA4C=POLY (T4, 1)+F4%POL Y[ T4,4)

MEC=H4 G- NHE 4

T5=T4=NH54/,24

DN SC 1=1,20

DT=(HEG-POLY(T5,1)=F4%POLY (T5,4))/(POLY{T5,3)+F4*PNLY(T5,6))

T5=T5+NT
IF (ABS(PY)-,1) 60,50,50

5C CAMTENYE

60 PHT4=POL Y (T4,2)+F4%xPPLY(T4,5)

R4=RA+F4%=DS TP

NHS4I=DHS54 /ETATH

HSGT=H4G-DHS4 T

TEI=T5

nNo70 1=1,20

DT={HS5GI-PPLY (TSI, 1)-F4*POLY (TSI, 4))/(POLY(TS] 3 )4F4%POLY(T5] ,¢))
T51=751+"T

IF {(ARSINT)-41) 8C,70,7C

70 COMTINUE

a8c NPHISL=POLY{TS5] ,2)+F4%xPCLY (TR I,5)-PHI4
PSP4=EXP{AJ%NPHIS4/R4)
CO4=POLY (T4, 1) +F&*POLY (T4,6)
GAMMAGL=1,/(1.-R4/AJ/CPY)
TS4=T4=-V4XV4/{2 ,XG*AJ %P 4)
VM4=V4/SNART (GAMMAL X G¥RLG %T G4 )
VMX4=VX/SOR T{GAMMALXGRR4G® TS, )

qcC GF4= 5*(GAMMALG+] ,0)/(GAMMAL-1,0)
WOM=(1 .04 (GAMMALG -] ,O0) *D 4 52V MLEY MG )R XGF 4
TWR=SQRT(GAMMAGL%RG /R 4)

P4=P4PSO%*2116.
AF4=WCESQRT(T4) *WON/ (PG EXTWNRYMX4 )

IF (THURLFQ.1,"R,IHUR,EN,3) N TP 1CO
DHT =1 .0/ PHNTT
N4H=SQRT(AF4 /(. T85% (NHT%%x2~-]1,0)))

GN 70 110

100 T4 H=D4{HXNOMT D]

110 P4T=SQRT(AF4/.TRS+NGH%XD )
HTP4=DN4H/D4T
P5PSO=P4 PSO%XP5D4
CP5=PRLY(TS,3}+F4%PNLY(T5,5)
GAMMAS=1.,0/(1.0-R4/43/CP5)
CFZ2=0.5%(GAMMAS +1 . Q) / (GCAMMAS~]1,.0)
GF3=({GAMMAG-],.) /GAMMAS
GFE={GAMMAS-1,)/2,

IF (VR,EN,0.0) D TN 120
TSS5=T5-V54V5/{ 2. *C*AJ%P5)
VMXE=VYX/SORT (GAMMASRGRR §%T 55 )
WML=VE/SORT{GAUMALEGRRG =TS, )
VME=VS5/SOP TIGAMMAGRGRR 4%TS5)

120 F2=(1 0+ (GAMMAS =] [0 )% S HVUERYME ) 2 *¥GF D
F3=SQRT(P4*TS/{(GXNAMMAS ) )
AS=WC*F2%F3/(2116 .0%P 5P SO%*VMXS5)

[F (THUR.EQ.2 .NR.IHIJR,FNQ,2) GN TN 13¢
DSH=D4H*NHEDPH4
130 NET=SORT( A5/ ,TAS+DSHRNSH)

38



140

150

160

170

DTAV={D4T+NET)I /2.0
DHAV={ D4 H+NEH)Y/ 2,0

IF {(VR,FO.ND.C) 60 TN 170
UCAL=RPMAPIFEXNTAV/+0,0

TP {ARS(UCAL/11-1.0).T,0,01) 6N TN 150
Tu={u+l

[F (TU.GT,20) 70 TN 14
U=UCAL
GO 1TV 20
WRITF (6,190)
WRITE {(6,NUT4)
HTYRS5=D&H /PET
HTRAV=(HTR4+HTRS) /2,0

THIOLO 0 FIP LW PRESS TJRBINE, 1 FOR HIGH PZESS
[F (THIOLN.,FQ.O0) G TN 160
A=10 .44

==13.0Q
C=€.45

D==%5.97
GN TP 17¢
A=13,36

=—11.78
C=10.95
N=-10.9

ROTOR  AVERAGF ASPECT  RATID ANMD  CHORD
ARRAV=A+R&HTRAV
CXOAV=(NTAV=-DHAV ) /(2.0%APY)
STATAR  AVFERAGE ASPECT  RATIN  AMD  CHORD
ARSAV="+D*%*HTRAY
CXSAV=(DTAV-DHAV)/(2.0%ARSAV)
STAV=,4%CXRAV

LENGTH
AL=FNXx(CXRAV4CXSAV)I+(2.0%5N-1,0)%STAYV
DMAV=,5% (DTAV+NHAY)
UM=UCAL%PMAVY/DTAY
WTUPB=AKWRDMAY * & AY R TN Mk %k 4
ALP=ABRSIN4H+NGT-ND]1-N1N) /1.4
IF (IST.FEDL.G) 6N TN 180
P4PSO=P4D0SC%*]101225,0
T4=T4/1.°
CP4=CP4 %4182 ,8
R4=R4/,]186
P5PS0=PSPSO*x1N1325,0
T5=7T5/1.8
NHE4=2324,0%DHS4
WC=,454%W(
UST=F%tyST
N1c=r2ninr
N1=F%N]
DT1F=F%XNT1F
NDT2F=F%NT2F
N&H= F N4 H
NEH=F&NE 1
NLT=F%N4T

39
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1R0

c

150

D5T =F%N5T
AL=F*AL
WTURR=,454%WTURA
CONTTNUF

RFTURN

FORPMAT {1HK,SX, 19HSPEFN NOT MATCHED)
F NP

WEPE LIS VALV I, ENGWT VALV I

1C

20

SUERNUTINE VALYV (P1,yP2,7T1,T2,4W1l,W2,AMAL ,AMALO, PIC,P20,TLN,T20,W1N,
1N2P,R.R1,GAM'CA“H'CP,CDO,AKWqIHU“.nH6PT6.0H7DH6,AX,DTl'DHL,DTZyﬂHZl
29 AMA2 JDTLIN, DHIN, NT20, DH2D L AMP O, ALV, WVALY, 1ST)
G=22,2

PFACT=2116.0

I (ISI.EQ.C) 6N T 10
6G=1.0

PFACT=1.0

[T=0
W=Wwl

G A= GAM

AMA=AMAL
TA=T1
WR=W2

PF=R

PA=PY
PR=P?2
TR=T)?

Tv=1
CHY=0,.5

DHA=DH]

DHR=NH?

IF (THUBJEQ.CGIRLTHURL,EN,2) DNHT=1,0/DH6DTHA

ANVB=AMAD
FI1A=1.04(GA-1.0)%AMAX%X2 /2 ()
F2r=F1A%%x{{GA+1.0)/(2,0%(GA-1.0)))

FAA=SQRT (RF*TA/ {G%GA))

AA=WEF2A%F3A/(PFAC TXPAXAMA)

AMRSQ= AMPRAMA

F18=1.0+(GA-]1,.0)%AMRSQ/ 2.0
F2P=F1R3%%{ (GA+1,0) /{2.0%(A=-1.01))

F3P=SORTI(RFXTR/ (G2GA))

AR=WARAXF2R:FIR/ (PFACT *PB*AMR) )

TF (THUR (EQ.O MR oTHURGEQ, 2. ANMN TTFN.0) NHA=SORT(AA/ (TRS*(DHT %22~
11.0)1))

DTA=SQRT(AA/ . 785+DHA%R®R? )

TE (THUR FQe0eNRaTHURLEQL 1. AND I TLFCaQ) NHR=DHAXHTDHA
NTR=SORT (AR/ . TRS+DHB% %2 )

TF (1T.EQ.1) GN Tr 20
DT1=0TA
NHY =NHA
DT2=NTR
NH2=DHA
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AMA2=AMR
nT1N=nNT1
NH1 N=NHI1
PY2P=DT2
NH2N=NH2
ANM2N=AVAL
a0 IF (TVLEQ.Q) GN TN 590
IF (IT.ERL.1) GO TN 490
W=Wln
WR=W20
GA=GAMN
AMA=AMAL D
AMR=AM2D
TA=T 1IN
RF=RN
PA=P1IN
TR=T2N
PR=P2N
PHA=NTL
DHR=NT?
IT=1
GO TN 20
40 NT1N=DTA
DT20=NTAR
DHIN=NYA
NH2N=DNHA
50 [veL=0
NTICA=DTLN
NHC A= DHL P
DTR=NT2
DHR=NH?
DTAV=(DTIN+DT2N )/ 2.0
DHAV={NH]1+PKH2}/2.0
NAV=((NTAV+DHAV)/2,0) %%xAX
ALV=4 5% (DT1O=-NHL+DT2N=-DH2 ) /R, 0
WVALV=AKW® AL VRN AY

RETURN
END
"FDOR, IS DUCTI,ENGWT PUCTT

SupenUTInME PUCTY (pl'p?'TlvTvalvll"2'AM1yAw2'GAl,GA2pRlpD.2"HUBInH?r}i
IH1yWOAD , TACQUS y WRAAW  WNAASP ALSPL JNSPL,INMTR,DHINTL JMW,AX ,VREFE,ALD |
2H DT L ,DT2,DHL,DH2, AL, WD, IS T)
Iccov=0

GA=GA ]

P=p]

T=T1

W=W1l

R=F1

AN=AM]

(=32.,2 '

PFACT=2116.0

IF (ISTLENLG)Y GO 1D 1D

T



1C

30

40

70

f=1.0
PFACY=1.C
GAN=0G%*NA
GAT=GA+1.0
GAU=GA-] .0
F1=1. 0+¢GAUXANX%2 /2, ()
F2=F1*%(GAT/(2.C*GAU) )
F3=SQRT (R*T/GAG)
A=WkF2%5F3/(PFAC TRPxAM)

IF (ICNM,EQ.LY O TN 20

[CrM=]
Al=A

CA=GA?

p=D2

T=72
W=W2

R=RP

AM=AM?
GN TN 10

A2=A

DTAMETFRS

IF (THURFQ.1.0RIHURLEQR.3) GO TN 3(
DHT=1,0/DH1INT 1
PHI=SQRT{AY /(. 785 (NDHT*%x%2~] ,0)))
DT1=SORT({A1/.T785+DH1*%*2)

TF (THURLFNQL2 ,NP,THUR,EN,.3) GO TN 4C
DH2=DH1%NH20H] »
NT2=SORT(A?2/.T35+NH2% %2 )

IF {IMTR.LT.2) GN T SO

DUCT BURNER WFIGHT
WD=WOADR((NTI4+NT2+DH1+0H2) /4. 0) 2%xAX
AAV=,3925% (NT] *%2¢NT2%x%2-NH] k% 2-NH2%%x2)
AL=0.5%ALOHX(DT1I-DT2)+VARFFF/AAYV
GN TN 90

IF (INTP,FQ.0) 6N TN 60
INTERMENTATE CASIMG
WD=WOANKAL X ((TH1L+DH2)/2 ,0+¢0.72)
G0 TN Q0

DUCT  CASIMG  WEIGHY

[F {(MWL.EN.O) NTAV=(DHL+DH2+NT14DT2) /2,0
TF (MW, FQ.1) DTAV=(DHL#NDK?) /2.0

TF (NWGFQG2) DTAV=(NT14NT2) /2.0
DTAV=NDTAV%:XAY
WD=NTAVXALXWOAD

PUCT  wALl ACOUSTIC LINTMG
IF (TACOUS.€Q.0) 0 TP 70
DHAV=(NHL+DPH2 1}/ 2,0
WWAC=3 ,14%A1 *WNAAWR{NT AV+NHAV)
WD=WD+WWAC

SPLITTER RINGS
ITF {MSPLLEO.OY A0 TO 90
AMSP=NSOL

Y2



80

Qe

DELP1=(DTLI-PH1) /(ANSP+1.0)
DELN2={DT2-0CH2)/(4NSP+1,0)
NTA=DT]

DTR=PNT2

PTAV=0.,0

N AC T=1,NSPL
DTA=DTA-DELDN]
PTR=DTR-NELD?
NTAV=(NTA+NTR)/2,0+DT AV
WSPL=3.14*%AL*ALSPLAWNAASPXNTAY
WR=WD+WS PL

CONMTT NUF

RETUPN

END

"EOR,L IS TRXNS,ENGWT, TRXNS

10

20

30

SURROUT INE TRANS :
DIMENSTON PTIM{25), PTEX(25), TTIN(?5), AATM(25), WAFX(25), AMIM (2
15), AMINQ{25), AMEX(25), GAMIN(25), GAMEX(?5), GAMIMN(25), GAMEXNO(
225}, CPIN(25), CPINM(25), PTINN{25), PTEXN(25), TTINN(25), TTYEXP(2
35), WAITNN(25), WAFXN(25), RIM(?5), REX(25), PINC(25), REXD(281, e .
4EX(25)y, CPEX0(25), TTEX(25), AMEXM(2S), NCOMPN(25), PRNP(15) )
covMMOM /THER/ PT!N,PTFX,TT!N,TTFX,WAIN,NAEX.AMYN,AMINO.AMEX.AMFXG,;
IGAMIN,GANEX,GAMIN“.CAMFXD,CPlN,CP!NF,PTIMW.PTCXﬂ,TTIND.TTFXO,NAIMﬂ:
z,wppxo,pru,csx.q[Nn.pEXﬂ,rDFx.CPFxﬂ,PTI,DTz.TTl.TTZ.wAl.WAZ.ANI,A“;
3?.CPI'CPZ,RI.PZ.GAVI.GAVZ,PTIF.PTZﬁ.TTlO,TTzﬂ.WAlﬂ.NAZO.A“lﬁ,A“Z”-;
4CP17,CP2Ny R 1IN, R2N,SAMLIN ,GAM20,PEAMPN, TNUM, 1S, S, KS .
GO TO {10:30,50,7C), IS

IF (KS.GT,0) GN TP 20

PTIN({INUM)=PTEX(JS)

TTINCINOMI=TTFX (JS)

WAINCINIM)Y =WwAFX({ JS)

AMIN{CINUMYI=SAMEX{JYS)

RIN({INUMY=REXY {JS)

GAMIN(INUMYI=GAME X( JS)

CPINCINUM)I=rPEX(J4S)

G0 TN Q¢

PTIM{INUM)=PTEXC( 4S)

TTIM(OIMUMY=TTFEXN(JS)

WATN( ITNUM) =WAEY N 4S)

AMINCTINUM) =AMEXN( JS)

RIM{INOMYI=REXN(JS)

GCAMIN(THUM) =GAMEXN({ JS)

CPIN(INUM)I=CPEXN(JS)

GO TN 90

IF (KS.GT.0) 60 TN 40

PTINOCINUM)=PTEX(JS)

TTINOLINUMI=TTEX(JS)

WATNOLTINUM) =WAE X (JS)

AMIND{INUMI=AMFX(JS)

RIMO(CTINUMY=RFX{JS)

CAMINO( TNUMY =GAME X( JS)

CPINACINUM)=CPEX(JS)
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40

5GC

60

7C

80

acC

GN TP 90 :
PTINN{INUM)=PTE ¥YN{JS)
TTINACINUM)=TTEYO(JS)
WATNO{ TNUM) =WAE XN { JS)
AMINO{ INUM )= AMEXO(JS)
PINN(INUM)=PEX O (JS)
GAMINOL TNUM) =GAME XO( JS)
CPIMNLINGM )= CPEXN(JS)
GN TO ac

IF (KS.6T.0) GO TN €0
PTEX (TMUM)=PTIN(JS)
TTEX(TNUM) =TTIN(JS)
WAEXL TNUMY=WA TN JS)
AMEX { TNUM)= AMTN({JS)
REX(TNUM) =RIN(JS)
GAMEY (TNUM)=CAMIN(JS)
CPEX (INUM)=CPIN{JS)
6N TR 90
PTEX(INUM)=PTINA(JS)
TTFX CINUM)=TT (NO(JS)
WAE X TMUM) = WA T NPT JS)
AMFX { INUM )= AM NP JS )
PEX(INUM)=RINO(JS)
CAMEX(INUM) =GAMINO( JS)
COEX( INUM)=CP INA(JS)
G0 TA 90

IF {KS.GT.0) GN TN 80
PTEXD (TNUM)I=PTIN({IS)
TTEXO(TNUM) =TTTN(JS)
WAEXO{ INUM) =WAT M( JS)
AMEXD(INIM)= AMIN(JS )
REXN(TNUM) =PIN(JS)
GAMEXP (IMUM)=GAMIN(JS)
CPEXOIINUMI=CPTIN(JS)
G0 TN 90

PTEXO (INUM)=PTINA(JS)
TTEXOCINUMI=TT INA(JS)
WAEXO(INUM) =WAT MO JS)
AMEXN ( INUM )= AM MR JS)
PEXN(INYM)=RINOLJS)
GAMEXO( TNUM) =GAMINA(JS)
CPEXN(INUM)=CPINMN(JS)
RETURN

END

YFOR,LIS POLYA,FNGWT . POLYA

C

FUNCTINMN PNLY (X,M)
REVISFN 12/03/AR

DIMENSTION ICC(8)Y, TORD(8),
NATA (1CC(T1),0=1,8)/133,146,161,174,187,200,209,224/

NATA A~QD.JAA-oqu~.wv\baﬂ¢b.#.b-w.74T\

DATA (CUI),1=133,242)/100e410742616,2.4975E-1,-2.2658F=5,1,96075F~-
LRy =3 ,675E-12,200049116,4R4,.209610,42.554713F-5,-3,33858R8F~-9,1,2041

1y



£

2F=13,6000e 410044114506 ,1.49413F=2,-1,7083]F=6,1.394T6F-9,-5 8514
3-13,1.0156F-16,14004,1,42938,4,4371226-4,~1.4R91 8F=T,3,462T7F=11,-4
4e513F-15,2.4TF-19,600049130.4.25232,-5,44162F-5, 7.0682F-8,-2.0171F
5-11¢~5.1F~16,1400.4.1861,8.0148F-5,-2,3278F-8,3,41635F~12,~]1.980F~
6£16+6000.9100.4957.028,-1,397247F-2,2.728088E-4,~7,874997E-8,1.1311
784F-11,2000.,989,0299,2.421058F-2,1.T19R52F~4,~2.13151F-8,1.027056&
8E-1216000.v100.,-.224336.4.84768F—4.-7.194546F-8.—4.3150085—12.?.1
934744E—15.2000.'—4.089761’5.504657F—3'-2.446699?—6,4.SQQRSIF—lOy-B
*.617?83F—14.6000.,100.'3.9R6078E-?v3.5529655-4.-6.512821F-R'?OOO..
$.?063°79,1.764343F—4.-1.683137E-9'6OOC.olOO.1—62.685516.-6.9221106'
$E—l,1.92?OCHOF-?.-1.l345kllF—51-9.83608735~8,2,24581965-10,-1.4‘00
$6TRE=13461444194641462,-B.5195C86,2.6225174F =2 4~2,6543759F=5,1.147
$0667E—R.—6.427%530F-13'—6.08?041F-16,2000..1.4o415.37102,58.865753,
S,*317.50006'16.5287q5Q-2°.76956?'5.6792°38.53.206712v1.93384'55?.R,
$4976.123.43567.-174.32129'22.134326o—104.70823o-43.322374.8?.°3934_
$0,2.3/
J=TARS(M)
K=1CC(J)
L=T7RD(J)+2

16 I[F (X=-C(K)) 20,30,30
20 K=K=~L
6N TN 10
30 K=K+
IF (X=-C(K)) 40,40,30
40 IF (M) 706,50,50
50 L=L-1
POLY=C({K=-1)
DO 60 N=2,L
KN=K-N
€0 POLY=POLY®RX+( {KM)
GN TN Q0
7C L=L-2
POLY=FLNAT{L)}*Z (K~-1)
DO 20 NM=2,1
KMN=K=N
LN=L-N+1
80 PRLY=POLYAX+FLNAT (LN} %C(KN)
S0 RFTURN
ENP
"FOR,IS VISCNSFMIWT . VISCNS
FUMCTI?N VISC (T)
C REVISED 12/03/58

NIMEMSICN A{S]), VI(50)

DATA (V(J’qulv50’/73.84136.0'195.2v227.?,?64.79299.29331.3,361.4,
1389,9,417,1,443_5,4@9,:,40:,1,519,7,;43,5,557,0,qag,3,512.1,63?,0,
2655.3y676.30697.0v717.31737.39757.09776.5,7Q5.6y814.57833.?'851.6'
3860.9'987.9'905.6v923.2'940.6.°57.Q,Q74.9v091.8v1008-6v102q.291041
4e541058.0,1074.1,1090.2,110641,1121.9,1127.5,1153.1,1168.5,1183%.8/
TKELVN=T%§5_/9,

PO 1C M=2,50

A(M)I=A(N=1)+100.

us



10

20

30

40

50
60

70
80

CONTINYF

[F ( TKELVNJLFA(CL)) GNP TN 49
I1F (TKEFLYMN,GELA(SQO)Y) GN T 50
K=2

IF (TKELVWN,LT.A(K)) GO TN 30
K=K+1

GO TN 20

TAP=A(K)-TKFL VN
DELTTY=TNP/1(CC.
DV=V(K)=-V(K-1}

DIFF=DFLTTY %NV

VISM=V(K)=-NIFF

VISC=VISM/ 14882000,

GO TN 6D

VISC=V(1)/148R2CC0.

WRITF (6,7C)

GN TN 60

VISC=Vv{R0) /14882000,

WRITE (6,R0)

RETURM

FOFMAT (32H TKELVN IS LFSS THANM 1C0O DEGREES)
FORMAT (36H TKFLVN IS GRFATER THAN

FAND

NEGRFES)

ub



REFERENCES

l. Gerend, R. P.; and Roundhill, J. P.: Correlation of Gas Turbine
Engine Weights and Dimensions. AIAA Paper 70-669, June 1970.

2. Sagerser, David A.; Lieblein, Seymour; and Krebs, Richard P.:
Empirical Expressions for Estimating Length and Weight of Axial-
Flow Components of VIOL Powerplants. NASA ™ X-2L06, 1971.

3. Fishbach, Laurence H.: NNEP - The Navy NASA Engine Program. NASA
™ X-T71857, 1975.

4, Allan, R. D.: Advanced Propulsion System Technology Study, Phase 2.
(RTSAEG508, General Electric Co.; NAS3-16950) NASA CR-134913, 1975.

5. Howlett, R. A.; Sabatella, J.; Johnson, J.; and Aronstamm, G.:
Advanced Supersonic Propulsion Study, Phase 2. (PWA-5312, Pratté&
Whitney Aircraft; NAS3-16948) NASA CR-13L90L4, 1975.

6. Fishbach, Laurence H.; and Koenig, Robert W.: GENENG II - A Program
for Calculating Design and Off-Design Performance of Two- and
Three-Spool Turbofans with as Many as Three Nozzles. NASA TN

D-6553, 1972.

47



TABLE T. - TYPES OF COMPOHEHTS INCLUDED IN THE PROGRAM

Fan

Split fan(figure 2)
Compressor

Main burner

Duct burner

Turbine

Inverting valve(figure 2)
Duct

Intermediate casing
Hozzle

Controls,Accessories,Lubrication

u8
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TABLE 11.- COMPOMENT LENGTH AND WEIGHT RELATIONS

Component Equations ?uggesteg v?lues "
or weicht factor,
- 2.4, 0.3 0.3/
Fan u‘ﬁng”) N(JVU&EF) (pT/UTREF) /QARX 173 (22)
L=)Cpy (1 *+ SP/CRy) * Csy
FREY]
Compressor H=K(bM)2'u(N)l'Z(UT/UTREF)O'3 1+(LC/DM1) 52 (7)
| (tc/Duy)rer)
L=7.24 (Dy/0y) + (1.81-2.170,/Dy)n - 5.6
Main burner N=K(D“)2'O[(LR/”)/3'é]0'5 360 (74)
L= R EL JH)VIT J
(R Vpeep)L™ P10y
Turbine N=K(DH)2'5N(U)O.6 7.7 (0.42)
L=N(cSX + C?x) + (2M-1)SP
Duct 10.75 (2.2)

H=KDHL

(each wall)

Nuct burner

=Kk (07,)%+*

L=(L/H)(DT1-DH%>+ 2VB o

’ “(”Ti

- Dy1 )

195 (31)
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TABLE 11.- CONTINUED

Component Equations Sugerested values
for weight factor,K
Valve front 300-400(62-82)

W=KDML

L=(L/H)Hy , L/HeL=5

rear 600-700(123-143)

Intermediate
casing

W=K(D,, + C)L
ta

Lon , C=0.22
(82 , C=0.72)

Hozzle

W=KD,,L

L=DH(L/DM), L/Dy=1.5-2.0

170 (35)

Controls,
Accessories,
Lubrication

W=360-450Kg (800-1000 1bm)




TABLE 111,- PROGRAMN [HPUT

l, General Input

Fortran

13A0 -
NCOMP=-
SIZE -
ACC -
ISt -

Hare Description

title or comment

total number of components

sizing factor; airflovw/input airflou
welght of controls,accessories,lubrication
U-U,S5, customary units;1-51 units

2, Engine Layout Array

lten

i -
Vi -

3 -

0 00
]

0 -

11 -

component sequence number
component identification number
hub digmeter specification
U= hub diameter not determined from other components
l1- front hub diameter speciflied by a dimenslion of
another component
2~ rear hub diameter specified by a dimension of
another conmponent
3- front and rear hub diameters specified by
dimensions of other components
sequence number of component determining the front
hub diameter (item 3=1 or 3)
identifles the dimension of the component of jtem 4
(see Table V for dimension identification numbers)
sequence number of corponent deterrmining the rear
hub diameter (item 3=2 or 3)
identifies the dimension of the component of item 6
front hub/tip diameter ratio (item 3=0 or 2)
rear hub/front hub diameter ratio (item 3=0 or 1)
the number of components determinins the length of
this component (U if length is calculated or specified)
length (iternn 10=0)

The following Ttems (12-19) are used when it Is desired to
define the entrance or exit thermodynamic properties by
specifying upstream or downstrearn components,

12 -

15 -

1 -

sequence number of upstream component connected to the
innerstream of this component
defines which stream of iftem 12 if the upstream component
has 2 streams

0~ inner stream

1- outer stream
sequence number of the upstream component connected to
the outer stream of this conponent
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TABLE 111,.- CONTIHNUED

| tem Description

15 defines which stream of item 14 if the upstream
component has 2 streams ’
C- inner stream
1- outer stream
1o = sequence number of the downstream component connectod
to the inner stream of this component
17 - defines which stream of item 16 if the downstrean
conponent has 2 strearms
0- inner strean
1- outer stream
18 - sequence nunber of the downstrean coponent connected
to the outer stream of this component
defines which stream of iten 128 if the downstreanm
component has ¢ strears
J- inner streanm
1- outer strean
240=30- sequence numbers of the components determining the
lensth of this component (iterm 13>0)

13

3. CLormponent Definition Arrays

Fan Array- Fortran name and dimension- FAND (15,5)

| tem Descrintion
1 - fan number
2 - nunber of stages
3 - rotor blade axial aspect ratio
Y - stator blade axial aspect ratio
5 - distance between rotor and stator blades (axial chorrls)
6 - distance between stator and rotor hlades (axial chords)
7 - blade solidity,kg/n? (1b,/ft2)
3 - average tip speed,n/scc (ft/sec)
9 - exit/entrance velocity ratio (inner stream for split
fans)
10 - exit/entrance velocity ratio of outer stream for split
fans
11 - indicates conventional or split fans
0= conventional
1- split
12 - weight factor,K (table I11)
13 = exponent of diameter in weight equation (table 1)
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B RO T

onm

l tem

C oo ~dT & WN =

TABLE 1il.- CONTIMUED

r - F¢ r me and dimension=_COMPD )]
Description

compressor number

number of stages

rotor blade axial aspect ratio

stator blarde axial aspect ratio

averasre tip speed,m/sec (ft/sec)

exit/entrance velocity ratio

pressure ratio

weight factor,K (table 11)

exponent of diameter in weight equation (Table 11)

l‘ain _Burner Array- Fortran narie and dimendion-BURND (10,5)

I tem

Cvn U N

Description

burner number

length/height ratio

exit/entrance velocity ratio

reference velocity,m/sec (ft/sec)

weight factor,K (Table 1)

exponent of diameter in weight equation (Table 11)

Turbine Array- Fortran name and dimension=- (TURBD (15,5)

| tem

W R

~N o E

[e¢]

10
11
12
13
14
15

Description

turbine number
nunber of stases
front hub diameter/diameter of the component specified
In Ttem 4 of the Engine Lavout Array
sequence number of the Jdriven component
work of the driven component,J/kg (Btu/1bpm)
average tin speed of the driven component,m/sec (ft/sec)
indicates high or low nressure turbine
- tow
1- high
fuel/air ratio
type of exit suide vanes
N- no exit guide vanes
0<item 3952- impulse exit straizshtening vanes
2 =-diffusing exit straightening vanes
stator exit angle,degrees
loss factor
exit diffusing vanes D factor
weirsht factor,K (Table 1)

exponent of diameter in weight equation (Table I11)
turbine matching calculations

1- ves

U= no
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TABLE 111.- COHTINUED

Duct Array=- Fortran name and dimension=- (DUCTD (15,2¢)

[ tem NDescription
1 - duct number
2 - type of component

D- duct

1- intermediate casing
2= duct burner

3 - weight factor,K (Table I1)
i - acoustic lininn
- no
1- ves
5 - acoustic lining weight per unit area,ks/mé (lhm/ft )
6 - splitter ring wveight per unit area,kg/mZ (1b,/ft2)
7 - ratio of splitter ring lencth to duct length
8 = number of splitter rings
J - exponent of diameter in weight equation (Table 11)
1u = nunber of walls ircluded in weisght calculation

0- inner and outer walls

1- inner wall only

2= outer wall only
duct burner effective volume,m3 (ft3)
duct burner pilot length/heicht ratio

11
12

Valve Array- Fortran name and Jdimension-_ VALVD (5,5)

| tem NDescription
1 - valve number
2 - weight factor,kK (Table 11)
3 - exponent of diameter in weight equation (Tahle 11)

ompo Thermod i

Fortran name Description
& dimension

PTIN(25)- entrance total pressure, N/m2 (1h/ft2)

TTIN(25)- total temperature,K (OR)

WAIN(25)=- " gas flow rate,kg/sec (1b,,/sec)

AMIH(25)= " Nach numher

GAMIN(25) = " ratio of specific heats

CPIN(25)- " specific heat,J/ka K (Gtu/lhmoR)

RIN (25)- " specific gsas const?nt JJ/ ke (ft- lb/lb OR)
PTEX(25)~ exit total pressure,N/m (1h/ft‘

TTEX(25)- " total temperature,K (OR)

WAEX(25)- " gas flow rate,kg/sec (1byn/sec)

AMEX(25)~- " Itach number

Sh



TABLE I11.- CONTINUED

} d i i nued

Fortran name Description
& dimension

GAMEX(25)- exit ratio of specific heats

CPEX(25) - " specific heat,J/kg K (Btu/1b OR)

REX (25)- " specific gas constant,J/kg K (ft-1b/1b OR)
The following are for the outer stream of dual flow components

PTINO (25)- entrance total pressure,N/m2 (Ib/ftz)

TTINO (25)- " total temperature,K (°R)

WAITHO 525)- : gas flow rate,kg/sec (l1b,/sec)

AMINO (25)- Mach number

GAMINO(25)- " ratio of specific heats

CPINO (25)- " specific heat,J/kg K (Btu/lbmoQ)

RINO (25)- " specific gas constant, d/kg K (ft- lb/lb OR)
PTEX0 (25)- exit total pressure, N/m2 (1h/ft2)

TTEXOQ (¢5)- " total temperature,K (°R)

WAEXO (25)- x gas flow rate,kg/sec (1b,/sec)

AMEXO (25)- Mach number

GAMEXO(25)~- " ratio of specific heats

CPEXO (25)- " specific heat,J/kg K (Btu/lhmoR)

REXO (25)- " specific gas constant,J/kg K (ft-1b/1h,°R)
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TABLE IV.- COMPONENT IDENTIFICATION NUI'BERS

Component Humher
Fan 3
Compressor L
Valve 5
Main Burner 6
Turbine 7
Duct,Duct Burner, Intermediate
Casing 8

TABLE V.- COMPOMENT DIMENSION IDENTIFICATION MNUMBERS
Dimension Humber

Front outer tip diameter 2
(dual flow components)

Front tip diameter 3

Rear outer tip diameter b
(dual flow components)

Rear tip diameter 5

Front outer hub diameter 6
(dual flow components)

Front hub diameter 7

Rear outer hub diameter 8
(dual flow components)

Rear hub diameter 4
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TABLE VI.~- BARE ENGIME WEIGHT BREAKDOWM
CALCULATED WITH WEIGHT PROGRAM

Pratt & Whitney Pratt & Whitney 502B
112B variable cycle Duct burning turbofan

Component Weirght ] Welzht

kg b, ke b,

Fan 1889 4162 7W996 | 772193

Intermediate casing 385 8Ly 342 754

Compressor 260 573 699 1533

Combus tor i27 279 329 724

HP turbine 98 216 200 Lyn

LP turbine; 397 374 786 1731

LP turbine, 648 1427

Diffuser/Burner 418 921 907 1998

Valve 220 1806

Controls, Accessories,

Lubrication 386 850 386 850

Total bare engine 54238 11953 LG45 10229

Enzine size- 40%kg/sec (9001bm/sec)
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TURLOF AN WITH 9
PT! = 92 T711 - s837.0°>
PT2 = £,3; T12 = :p.c:
DHYL = 2.29 LTl = . 72
COMPONENT WETGHT H:Hro.rr
PTI = 5.32 Trl = 943,319
FTZ Z1%9.06L TTe =Z1425.350
DHI = 1,97 orT1 - 2+46
CCMPONENT WEIGHT = €40.33
PTI = 5,32 TT1 = sS40 ,.d%3
PT2 = %.,3; TT2 = $435,19
DHI = 3,47 071 = 4.15
CCMPONCHLT  WEIGHT = 741.33
PTI Z19.u" TT1 =1425,30
PT2 Z18.6°C TT2 =29u2.30
CH1 = Z.l6 DT1 = 2.39
COMPONENT  WEIGHT = 289,55
PT1 Z13.60 TTI =Z2673.3)
PT2 = +33 TT2 22514.35
DH1 = 2.1¢ C1l = 2.4
COMPONENT At IGHT = 219,33
PT1 = 9,27 TT1 =2430.37
PT2 = 3.11 TT2 =1%573,62
LH1 = 2.16 CTL = 3.0
n:xvoz_ ] WEIGHT = &L2.93
FTlL = 4,70 TT1 223060.39
PT2 = 2.4} TT2 21779.59
DH1 = 3.13 CT11 = 22
COMPONENT WEICHT Z1437.310
PTl = 5,32 TT1 = 943,03
PTZ2 = 4,27 T12 = 940,30
DHI = 4,1% DT1 = 4.99
COMPONENT WEIGCHT = 48.148
PT1 = 5.2C TT11 = 94C,u0
PYT2 = &, om T12 =2360.00
NH1 = 3.45 DTl = 4.90
COMPONENT WEIGHT z1Cul.uy7
PT1 = 3.7 TT1 -1940.00
PT2 = 4,72 172 z206C.00
PTIOC o) T7T10:-2060.00
PTI20z 2 .90 T120=1940.30
DHI = 2.u0 DTl = Y4.14
DHIDZ 44,14 I 9 W Se41
COMPONENT WEIGHT =-1713.55%
PTl = Z.9C TT1 =19u4C.0D
PT2 = 3.36 T12 z21640.30
LGHYI = 4.14 pT1 = 4.93
COMPONENT WFIGHT = 11.12

BARE

Figure

ENu INE

12.- Sample output from weight vaW1m3

sEIGHT=11961.

EAle VALVE - CUSTOMBARY U.S. UNITS
FAN 1
WAL = &23.190 MLz .60
wAZ = 823,0 M2 = L3R
DHZ = .82 DTZ2 Zu,RS
COMPRESSOR 1
whl = 213420 Ml - .40
A2 = 215,00 M2 = .27
IHZ2 = 2.15 0T2 z2.41
DucT 1
wAl = 210.30 Ml = .22
A2 T 213,300 M2 = +4C
oz = 1.57 UT, Z2.46
comMp CVuon 1
Al = 210.3° Ml = .27
JA = 215,30 M2 = L3R
nH2 = 2+16 O0TZ z2.44
TUR® INL 1
JA1 T Zls.C00 M1 = .34
AA2 = 215.0D0 M2 2 430
D2 = 2.16 0T2 z2.67
TURKINE 2
JAL = 215,30 MI = 16
~AZ 2 215,00 M2 = &
e = 267 T2 z4.09
TUREINE 3
421 T 623.00 Ml = .32
WA2 = 623.00 M2 = .33
DHZ = 2.5C NTZ2 =Z5.4¢
DUCT 2
wAl = 613,00 M1 = .32
HAZ = 613.00 M2 - .20
DH2 = 3.45 DT2 =4.9]
DUCT BURNER
WAl T 613.00 Ml = .20
WAZ = 623.00 M2 = .25
oH2 = 4,09 DTZ2 =5.37
VAL VE
Al = 215.00 Ml = .21
WAZ2 = 623.00 M2 = .35
Wal0= 623.00 M10= «35
4A70= 215.00 M20= .35
IH2 = 3.13 DYZ2 =4.77
pH20= 4.77 DT20=5.45
DUCT 4
WAl = 215,00 M1 = ,3u
wA2 = 215.00 M2 = 34
DHZ = 5.46 DT2 <6.05

3¢

LENCTHT 5,02
LENGTHZ 1.1C
LENGTH= 2,50
LENGTHZT 1.34
LENCTHT 429

LEWGTHZ la4

LENGTHZ= 49
"LENGTHZ 2,50
LENGTH- 3.82

LENGTHZ 2.89

LENGTH:=
72

49
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